M ore than 60% of the world's HIV-infected population lives in sub-Saharan Africa, 1 and South Africa, with a national antenatal HIV prevalence of 30.2%, 2 is host to one of the world's worst HIV epidemics. The predominant mode of HIV infection throughout southern Africa is unprotected heterosexual intercourse. 3 Prevention programs that target secondary transmission between those known to be HIVpositive and their sexual partners have recently gained favor 4 but are still underdeveloped in generalized epidemic settings. 3, 5, 6 Better understanding patterns of sexual behavior among individuals who know their HIV status remains central to informing these efforts.
Studies from industrialized countries suggest that some HIV-infected individuals, even after learning of their positive status, continue to engage in risky sexual behavior. [7] [8] [9] [10] [11] [12] In developing countries, experience is limited, although similar patterns are emerging. Research from West Africa and Uganda suggests that patterns of high-risk activity are common among those with known and unknown HIV status. [13] [14] [15] [16] In KwaZulu/Natal, South Africa, nearly 50% of HIV-infected patients in a single clinical setting were sexually active and 30% of those reported having unprotected sex in the previous 3 months. 17 Increasing access to antiretroviral therapy (ART) has magnified the importance of addressing risk-taking behavior among HIV-infected adults. Few people in low-and middleincome countries were on ART before 2001; however, by the end of 2005, an estimated 1.3 million were on treatment, with 190,000 individuals on treatment in South Africa alone. 1 Although the clinical benefits of ART are well established, 18 the impact of treatment on preventing secondary transmission is less well understood. Although less infectious, people on treatment live considerably longer, thereby increasing the duration of potential exposure. Mathematic models predict that although high levels of ART coverage could potentially reduce HIV incidence, its benefits could be overshadowed by simultaneous increases in risky sexual behavior. 6, 19, 20 In industrialized countries, concerns have emerged regarding increased risk behavior possibly attributable to ART treatment optimism [21] [22] [23] and improving health; such data on the impact of care and support programs on patterns of sexual behavior are limited in developing countries. 24 Furthermore, there are few available data on how these behaviors may differ in rural versus urban settings.
This research assessed sexual behavior among HIVpositive South Africa patients attending a rural clinic and an urban clinic. We explored the determinants of and factors associated with safe sexual behavior, highlighting implications for prevention programs to reduce secondary transmission that target those living with HIV.
METHODS

Study Sites
HIV-infected patients were recruited to participate in the study at HIV care and support sites in urban and rural South Africa. The urban Wellness Clinic, located at Chris Hani Baragwanath Hopital in Soweto, where antenatal prevalence is 31%, 25 has an average of 550 patient visits per month. Approximately 1000 adults previously seen at the urban Wellness Clinic have been transitioned to ART since early 2004. The rural clinic is based at Tintswalo Hospital in Acornhoek, within the densely settled Bushbuckridge region of South Africa's rural northeast. The rural clinic sees approximately 1200 patients per month, 500 of whom have been started on ART after it became available at Tintswalo in September 2005. Although 75% of patients came from an area within a 10-to 20-km radius from the rural site, approximately 25% are from as far as 50 km away. Antenatal HIV prevalence in Acornhoek is also near 30% (P. Pronyk, personal communication, 2007). Patients are referred to the HIV clinics from hospital wards and voluntary counseling and testing programs within the hospitals and from surrounding primary health care clinics. HIV-positive status was confirmed by a laboratorybased enzyme-linked immunosorbent assay (ELISA) or a 2-test rapid algorithm at the urban site and 2 blood-based rapid tests at the rural site.
Procedure
From June 2003 until April 2006, nurses administered a structured questionnaire, identical at the urban and rural sites, to all consenting patients at the time of their first visit. All individuals were aware of their HIV status in advance of these visits. This questionnaire was overseen by trained clinical staff and providers and was designed to capture, among other things, sociodemographic characteristics and risk behavior. Data were double-entered into a master database and then validated.
Sociodemographic variables included age, education level, marital status, and household income. The presence of sexually transmitted infection (STI) symptoms at the time of the first visit was assessed by means of self-report, with syndromic management provided as necessary according to national guidelines. Behavioral questions focused on whether or not participants had a regular sexual partner at the time of the first clinic visit, whether they had a casual sexual partner at the time of the first visit, the frequency of condom use with casual and regular partners, whether or not they had ever disclosed their HIV status to anyone, and whether or not they had ever used alcohol. Sexual risk behavior was assessed by examining the frequency of condom use and self-report of having or not having casual and regular sexual partners. Condom use for each partner type was collected using categoric variables, and consistent condom use was defined as always using a condom with a sexual partner. Previous research on sexual risk behavior in Africa has used similar indicators.
14,27-29 Finally, blood samples were collected for CD4 cell count and rapid plasma reagin (RPR) and full blood counts and were analyzed on-site according to standard laboratory procedures.
Statistical Analyses SPSS 14.0 (SPSS, Chicago, IL) software was used to perform bivariate analyses of sociodemographic and behavioral differences between urban and rural patients, patients who used condoms consistently or inconsistently with their regular sexual partners at the time of their first clinic visit, and patients who had or did not have a sexual partner (regular or casual) at the time of their first clinic visit. In addition to exploring condom use and sexual activity among men and women, we also examined these variables in the urban and rural sites separately within gender groups. In determining sociodemographic and behavioral differences between urban and rural participants, bivariate tests included x 2 and Student t tests; in predicting consistent condom use and sexual activity, single predictors were entered separately into logistic regression models. Results for all analyses were considered statistically significant if P , 0.05. With regard to available CD4 cell count data, we restricted our analysis to those clients who had their CD4 cell count tests performed within 90 days of their first visit (excluding n = 739).
Furthermore, we constructed gender-and site-specific models using entry-method logistic regression (likelihood ratio) to determine predictors of the existence of a sexual partner (regular or casual) and predictors of consistent condom use with regular partners at the time of the patient's first clinic visit. Because not everyone had a current regular or casual sex partner, we were interested first in what factors were associated with having a current regular or casual partner. We then examined factors associated with condom use among those with current partners; those who did not have a current sexual partner were not eligible for this analysis.
Multivariate model input variables included site, age, marital status, education level, history of alcohol consumption, disclosure, STI symptoms, and CD4 cell count. The model predicting consistent condom use included an additional predictor: whether or not the participant had a casual sexual partner. For bivariate and multivariate analyses of condom use with regular partners, those participants who claimed not to have regular partners were excluded from the analysis.
Predictors with P values less than 0.15 in the bivariate logistic regression models were entered into a multivariate logistic regression model. The results of this model were examined, and insignificant predictors were manually eliminated stepwise based on the magnitude of predictors' P values. Only predictors with a P value ,0.05 were included in the final multivariate logistic regression models.
Ethical Review
This research was approved by the Human Research Ethics Committee (Medical) at the University of the Witwatersrand and the Brown University Institutional Review Board. No payment or other incentive was offered to participants.
RESULTS
First visit data from 3819 individuals with known HIV status were used in this analysis. Refusal to participate was rare: ,1% in the rural site and ,3% in the urban site. The study participants were predominantly from the urban site (69.5%) and were predominantly female (76.4%). Only 2.4% of all patients were on ART at their first clinic visit.
Sociodemographics and Sexual Behavior
Sociodemographic and Behavioral Differences Between Urban and Rural Patients 3 ; P = 0.17); however, at the rural site, median CD4 cell counts were higher among those who attended before treatment becoming available compared with those who attended after treatment was available (253.9 vs. 171.0 cells/mm 3 ; P , 0.001). Finally, fewer urban participants had STI symptoms at first visit than rural participants (21.1% vs. 24.3%; x 2 OR = 0.831; P = 0.028).
Predictors of Consistent Condom Use With Regular Partners
In the bivariate analysis of men, urban site, younger age, being married or living together (compared with being divorced or separated), an education level higher than grade 8, higher household income (more than R800 or US $110 per month), the absence of a casual sex partner, and having disclosed HIV status were all associated with consistent condom use (Table 2A ). In the site-stratified bivariate analysis, urban male participants who were younger, had a higher level of education, and did not have a casual partner and rural men who were not divorced or separated, had never consumed alcohol, and did not have a casual sexual partner were more likely to use condoms consistently.
In multivariate analyses, consistent condom use with regular partners for men was significantly associated with urban site, increased level of education, and the absence of a casual partner. A history of alcohol consumption also was a significant predictor of consistent condom use in the final multivariate model. For urban male participants, being young and not having a casual partner remained significant in the multivariate model, whereas for rural men, being married or living together, never having consumed alcohol, and not having a casual partner were all significantly associated with consistent condom use.
In the bivariate analysis for women, consistent condom use (see Table 2B ) was associated with urban residence, age younger than 45 years, having never been married (compared with being married or living together), being married or living together (relative to being widowed), grade 8 level of education or higher, greater household income, not having a casual sex partner, not having STI symptoms, and having disclosed HIV status. The same pattern held for urban women, excluding marital status and household income, whereas for rural women in the bivariate analysis, only age younger than 35 years, education level higher than grade 8, and having disclosed HIV status were associated with consistent condom use.
In the adjusted multivariate model for all women, significant associations persisted between consistent condom use and urban residence, younger age, increased education, the absence of a casual sex partner, and disclosure. In the final multivariate model for urban women, age younger than 45 years, higher level of education, lack of a casual partner, and having disclosed continued to predict consistent condom use with a regular partner, whereas for rural women, only age 26 to 35 years (compared with age older than 45 years) and disclosure remained significant.
Predictors of Having Any Sexual Partners (Regular or Casual)
Table 3A presents predictors of sexual activity among men. A total of 73.2% of men reported currently having any sexual partners. In the bivariate analysis, men who were from the urban area, were aged 26 to 35 years (compared with older than 45 years), had completed grade 8 or higher, had a higher household income, had disclosed their HIV status, and had a CD4 count greater than 200 cells/mm 3 were more likely to report having a current sexual partner at their first clinic visit. Additionally, overall in the bivariate analysis and at urban and rural sites, men who were married or living together were more likely to have sexual partners than those who had never married, whereas those who were widowed were less likely to be sexually active than those who had never married. Apart from marital status, other factors that were significantly associated with sexual activity at the urban site in the bivariate analysis for men included younger age (26 to 35 years old compared with 45 years old), higher income, and higher CD4 cell count; at the rural site, apart from marital status, only having STI symptoms was significantly associated with sexual activity.
After adjusting for potential confounders, associations with marital status persisted overall as well as at the separate sites. Living at the urban site remained a significant predictor of sexual activity for all men, as did younger age and higher CD4 cell count. At the urban site, younger age and higher CD4 cell count also remained significant, whereas being divorced or separated became positively associated with having a sexual q 2008 Lippincott Williams & Wilkins partner. In the rural multivariate model, having STI symptoms continued to predict sexual activity. Table 3B presents predictors of sexual activity among women. A total of 66.7% of women reported having a sexual partner. In the bivariate and multivariate analyses, overall and for urban women, and in the bivariate analysis, for rural women, younger age and having a household income greater than R800 were positively associated with being sexually active. Furthermore, for all women and in bivariate and multivariate analyses, being married or living together (compared with never having married) and having a CD4 count greater than 200 cells/mm 3 were positively associated with having a sexual partner, whereas being widowed was negatively associated with currently having a partner. Overall, in the bivariate analysis, women who lived in the urban area, had never married (compared with being divorced or separated), had a higher level of education, had ever consumed alcohol, and had disclosed their HIV status were more likely to be sexually active; associations with urban residence and history of alcohol use persisted in the overall multivariate model. Having ever consumed alcohol was also a significant predictor of sexual activity in the urban multivariate model, whereas higher education and being divorced or separated (compared with having never married) were positively and negatively (respectively) associated with sexual activity in the rural bivariate analysis. In the rural multivariate model, the association with education and with age younger than 25 years persisted.
DISCUSSION
This study provides insights into the sexual risk behavior and sociodemographic profile of HIV-positive patients receiving care in 2 areas that reflect the contrasting realities typical of much of South Africa: the urban township and rural former ''homeland'' setting.
We found significantly higher rates of consistent condom use among HIV-positive participants at the urban site (81% of men and 78% of women) than at the rural site (52% of men and 46% of women). Although more likely to be sexually active, urban patients are also clearly taking steps to protect themselves and are more likely to use condoms consistently. Data contrasting rural and urban African sites are scarce, but a Ugandan study suggests that the patterns of risk behavior among HIV-positive patients at an urban site and a rural site 15, 16 are similar to those observed in our study. In addition, our data are consistent with urban-rural differences described in recent population-based studies in South Africa. 30 For example, condom use at last sex in the general population was slightly higher in urban areas (39% of male participants and 33% of female participants) than in rural areas (34% of male participants and 31% of female participants). This may reflect wider exposure in urban areas to health promotion messages through schools, the media, or social marketing, 30 or the concurrent shifting of social norms around sexual behavior. Clearly, more attention needs to be placed on broadening exposure to prevention efforts in rural areas. Notably, levels of reported condom use are substantially higher among the clinic attenders in this study than in the general population, 30 demonstrating that care and support programs may have a protective effect on risk behavior.
The relations between HIV infection, education, and income are complex and variable. Prior research in Africa suggests that early on in the HIV epidemic, those who were better educated, more affluent, and more mobile had higher levels of infection. This pattern now seems to be shifting, such that those with higher levels of education are more likely to adopt protective behavior. 31 Our data suggest that HIVinfected adults with higher levels of education had higher levels of condom use with their regular partners. Those with higher levels of education may have more exposure to health interventions and may better integrate the messages of prevention campaigns into their lives. [32] [33] [34] Other research from our group suggests that school enrollment is strongly associated with protective sexual behavior and lower risk of HIV infection. 35 In our analysis, higher household income and education levels were significantly associated with having a current sexual partner, especially for women, perhaps reflecting the continued vulnerability of the relatively affluent to HIV infection and the need for women to maintain sexual partnerships to secure their livelihoods. 36 Our data show a strong association between disclosure of HIV status and protective patterns of condom use, especially among women. Overall, levels of disclosure were high: 90% at the urban site and 60% in the rural setting. Disclosure to a partner or family member is a healthy coping mechanism for HIV-infected individuals, often leading to increased social support and reflecting personal acceptance of the disease and a sense of responsibility to and trust in a partner. [37] [38] [39] Fear of stigmatization, abandonment, or domestic violence is a major impediment to disclosure, [40] [41] [42] however, particularly for African women, whose reproductive choices are often influenced, and potentially controlled, by their male partners. 41, 43, 44 The results of this study and others suggest that programs aimed at creating a healthy environment for disclosure, such as support groups or couple counseling, remain a key adjunct to care and support programs for reducing secondary transmission among those living with HIV. 45, 46 The positive association between alcohol consumption and irregular condom use among male participants and increased sexual activity among female participants is consistent with the results of previous studies demonstrating close links between substance use and risky sexual behavior among HIVinfected individuals. 11, [47] [48] [49] [50] Alcohol use decreases sexual inhibitions and further disempowers women, 50 placing both partners at risk of infection. HIV prevention counseling programs in rural and urban areas need to discourage substance abuse, and counter peer pressure and strong advertising messages among youth to consume alcohol, 50 especially in urban areas, where high-risk substance abuse is more prevalent. 30 Among men and women at the rural and urban sites, a higher CD4 cell count was strongly associated with having a sexual partner. Our result is supported by data from elsewhere suggesting that sexual activity declines with increased physical disability linked to advancing HIV disease. 14, 44, 51 This relation underscores the importance of sexual behavior and its potential to influence HIV transmission in southern Africa among populations in which ART is being introduced. If these relations persist, patients returning to health after Our study has clear limitations. The cross-sectional nature of the data limits the ability to draw inferences around causality. Furthermore, because the sample includes only patients who are involved in care and support programs and who are exposed to ongoing counseling and support, response bias may influence accurate reporting of patterns of partnering and sexual behavior. 52 Moreover, additional confounding factors that were not included in our multivariate models could be associated with condom use and sexual activity, such as more sensitive measures of well-being apart from CD4 cell count and self-reported STI symptoms, 14 further indicators of sexual behavior (eg, number of sexual partners, involvement in commercial sex), 10, 14 power dynamics in sexual decision making, 53 desire for children, 44 partner serostatus, and emotional states. 10, 54 Nonetheless, this remains one of the first studies to use similar data collection tools among a substantial sample of HIV-positive patients in 2 different urban and rural settings. Better understanding of changes in sexual behavior over time and exposure to evolving care and support programs remain of central relevance in the region.
In conclusion, substantial differences exist in the behavior and sociodemographic profile of urban and rural HIVinfected clinic attendees. Stark disparities in education level, household income, health status, levels of disclosure, and rates of condom use between the 2 clinic sites highlight the need for prevention strategies that take cognizance of the different realities faced by these populations. Our data suggest that HIV testing and clinical programs should encourage disclosure of HIV status when it is a safe option, particularly for women, and that ART programs should ensure that prevention messages and condom promotion are reinforced alongside adherence messages. Furthermore, appropriate popular media and prevention programs should extend their reach to rural areas to promote condom use, disclosure, and wider discussion of HIV and to reduce HIV-related stigma. Finally, and more broadly, policies and programs that maximize school enrollment and retention at school, reduce economic dependency on migrant labor, reduce alcohol abuse, and support household incomes in rural areas need to be enhanced.
